The title compound, poly [[diaquabis[1,5-bis(pyridin-4-yl) 
Chemical context
The most popular linking ligands in metal-organic frameworks (MOFs) are probably multi-functional carboxylates (Batten et al., 2009 ) but other functional groups are also possible. As part of our ongoing studies of flexible bifunctional pyridyl ligands (Plater et al., 2008) as potential MOF linkers, we now describe the synthesis and structure of the title layered coordination polymer, (I), which combines Cd 2+ ions and the little-studied ligand 1,5-bis(pyridin-4-yl)pentane, C 15 H 18 N 2 . The neutral bridging ligand necessitates the presence of perchlorate counter-ions (from the starting metal salt), which exert an important influence on the structure.
Structural commentary
The asymmetric unit of (I) contains two Cd 2+ ions (both lying on crystallographic inversion centres), three 1,5-bis(pyridin-4-yl)pentane (C 15 H 18 N 2 ; L) molecules, two perchlorate ions, two water molecules and one ethanol molecule (Fig. 1) . The cadmium ions, water molecules and two of the L molecules n . Both cadmium ions adopt almost regular trans-CdO 2 N 4 octahedral coordination geometries (Table 1) arising from two water molecules and four ligands. The mean Cd-O and Cd-N bond lengths are 2.327 and 2.341 Å , respectively. Bondvalence sum (BVS) calculations (Brese & O'Keeffe, 1991) in valence units for Cd1 and Cd2 yield values of 2.11 and 2.02, respectively, in close agreement with the expected value of 2.00. The octahedral angular variances (Robinson et al., 1971) for Cd1 and Cd2 are 2.53 and 10.57 2 , respectively. Both ligands bridge the Cd1 and Cd2 atoms, resulting in a highly squashed and contorted 4 4 network (O'Keeffe & Hyde, 1996) , which propagates in the (110) plane, as shown in Fig. 2 : each Cd1 atom is linked to four different Cd2 atoms and vice versa. The shortest Cd1Á Á ÁCd2 separations (via ligands) are 14.4350 (6) and 14.7807 (6) Å . The shortest non-bonded Cd1Á Á ÁCd1 and Cd2Á Á ÁCd2 separations across a squashed 4 4 square are both 11.0921 (5) Å . It is interesting that the shortest metal-metal distances in (I) of 10.0618 (4) and 10.1653 (4) Å for both Cd1 and Cd2 are inter-sheet separations.
For the N11 ligand molecule, the dihedral angle between the N11 and N12 rings is 77.8 (4) and the alkyl chain adopts a gaaa (g = gauche, a = anti) conformation (reading from the N11 ring to the N12 ring). Cd1 is displaced by 0.69 (1) Å from the N11 ring plane and Cd2 is displaced by À0.26 (1) Å from the N12 plane. In the N21 ligand molecule, the dihedral angle between the pyridine rings is 75.2 (4) and the alkyl-chain conformation is aaag (in the sense of the N21 ring to the N22 ring). The displacement of Cd1 from the N21 ring is 0.42 (1) Å and the displacement of Cd2 from the N22 ring is À0.58 (1) Å . The shortest out-and-back pathway from any metal atom to itself encompasses no fewer than 56 atoms (4 metal atoms and 4 Â 13 ligand atoms).
The mean Cl-O bond lengths in the perchlorate ions in (I) are 1.446 Å for the Cl1 species and 1.436 Å for the Cl2 species. The third (N31) ligand molecule is not bonded to the metal ions: the dihedral angle between its N31 and N32 rings is 18.3 (5) and its alkyl chain conformation is ggaa (from N31 to N32; Fig. 3 ).
Figure 1
The asymmetric unit of (I) showing 50% displacement ellipsoids. 
Figure 2
Part of an infinite 4 4 sheet propagating in (110) in the structure of (I). The Cd1 and Cd2 ions are represented by orange and fuchsia spheres, respectively.
Figure 3
Part of a layer of perchlorate ions, N31-ligands and ethanol molecules in the structure of (I). The O e -HÁ Á ÁO (e = ethanol) hydrogen bond is shown as a yellow line.
Supramolecular features
In the crystal, the infinite [Cd(H 2 O) 2 L 2 ] n sheets propagate in the (110) plane (Fig. 4) . There is no interpenetration of the sheets in this structure. Sandwiched between the cationic sheets are layers of perchlorate ions, free (unbounded) N31-molecules and ethanol solvent molecules. The water molecules attached to the cadmium ions each form one O-HÁ Á ÁO hydrogen bond to a perchlorate ion and one O-HÁ Á ÁN hydrogen bond to the free solvent molecule, such that both N31 and N32 accept a hydrogen bond. An intra-layer O e -HÁ Á ÁCl (e = ethanol) hydrogen bond also occurs. A number of C-HÁ Á ÁO interactions are also observed (mean HÁ Á ÁO = 2.54 Å ): see Table 2 .
Database survey
Only four 'hits' for crystal structures containing 1,5-bis-(pyridin-4-yl)pentane were obtained from a search of Version 5.31 (last update February 2014) of the Cambridge Structural Database (Allen & Motherwell, 2002) . Three of these are the isostructural family [M(C 15 H 18 N 2 ) 2 (NO 3 ) 2 ] n , (M = Co, Ni, Cu) (Plater et al., 2008) , which contain interpenetrated 6 5 .8 nets, with the nitrate counter-ions directly bonded to the metal ions. In [Cd 4 (C 15 (Plater et al., 2000) , remarkable triply-interpenetrated 6 3 nets occur in which the cadmium ions are coordinated by three ligand N atoms and two O,O-bidentate nitrate ions, generating distorted CdN 3 O 4 pentagonal bipyramids. It may be noted that in (I) and (II) the counter-ions and water molecules have effectively swapped places, resulting in radically different structures.
Synthesis and crystallization
1,5-Bis(pyridin-4-yl)pentane (0.1 g, 0. 450 mmol; Plater et al., 2000) was dissolved in ethanol (5 ml) and carefully layered onto a solution of Cd(ClO 4 ) 2 ÁxH 2 O (0.137 g, 0.44 mmol) in water (5 ml). The solution was left to stand for two weeks during which time colourless blocks of (I) grew at the layer interface. The crystals were harvested and air dried (0.107 g, 45% Computer programs: COLLECT (Nonius, 1998) , DENZO and SCALEPACK (Otwinowski & Minor, 1997) , SORTAV (Blessing, 1995) , SHELXS97 and SHELXL97 (Sheldrick, 2008) , ORTEP-3 for Windows (Farrugia, 2012) and ATOMS (Dowty, 1998) . Table 2 Hydrogen-bond geometry (Å , ). 6. Refinement
The O-bound H atoms were located in difference maps and refined as riding atoms in their as-found relative positions. The C-bound H atoms were placed geometrically and refined as riding atoms. The H atoms of the methyl group were allowed to rotate, but not to tip, to best fit the electron density. The constraint U iso (H) = 1.2U eq (C,O) or 1.5U eq (methyl C) was applied in all cases. Crystal data, data collection and structure refinement details are summarized in Table 3 . 
Computing details
Data collection: COLLECT (Nonius, 1998 ); cell refinement: SCALEPACK (Otwinowski & Minor, 1997) ; data reduction:
DENZO and SCALEPACK (Otwinowski & Minor, 1997) and SORTAV (Blessing, 1995) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and ATOMS (Dowty, 1998) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) . Symmetry codes: (ii) −x, −y+1, −z+1; (iv) −x+1, −y, −z+1; (vi) x, y−1, z; (vii) −x, −y+1, −z.
